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RESEARCH MEMORANDUM

FLIGHT MBASUREMENTS OF HORIZONTAL-TATT, L.OADS ON THE
DOUGLAS X-3 RESEARCH AIRFLANE

By Harriet J. Stephenson
SUMMARY

Flight measurements of the horlzontal-tall loads on the Douglas X-3
research airplene during wind-up turns, pull-ups, and stabllizer pulses
were mede over an altitude range from 27,000 to 33,000 feet and through-
out & Mach number range from 0.65 to 1.16. The results of these measure-
ments are presented in this paper.

The normsl-force-curve slope of the horizontal ~-tall panel @Nd)t’

derived from stebilizer pulses, had a meximm value of 0.082 and occurred
at a Mach number of 0.925. At a Mach number of 1.00 the value of the
slope decreased to 0.063 and for higher Mach numbers aghin increased
with Mach number.

Balancing-tail loads, downwash at the tail, and total airplane
pltching moments were obtalned from pull-ups and wind-up turns.
Balancing-tail loads varied nonlinesrly with alrplane normel-force coef-
ficient throughout the 1ift range; the wing fuselage was stable for the
moderate 1ift range with increasing stablllity for increasing Mach nunber.
An increase in stability occurred at 1ift coefficients bebtween 0.2
and O0.k. The wing-fuselsge became unstable at the high 1ift coefficients.

Downwash veried nonlinearly with angle of attack. An increase in
the variation of downwash with angle of attack de/dm or g decresse In
tail stebility occurred at angles of attack between 4© and 8°.

The total airplene pitching moment also displayed nonlinear vearls-
tions with angle of attack. The alrplane became unstgble at angles of
attack between 7° and 13°.
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INTRODUCTION

In recent years the design of the horizontal tall has become
increasingly complex because of the nonlinear wverlation in taill loads
with Mach number and sirplane 1ift throughout the transonic speed range.

Existing theoretical methods do not accurately predict these vari-
ations, therefore experimentel date are required and are belng obtained
on research airplenes embodying various wing-body combinations.

As part of the cooperative Alr Force-Navy-NACA research program on
the Douglas X-3 airplane, flight investigations were made at the NACA
High-Speed Flight Stetion at Edwards, Calif. to determine the structural
and serodynamic loads, 11ft and dreg, and dynamic and static stability
and control. Preliminasry results obtained durlng the manufacturer's
demonstration flights and U. S. Alr Force evaluation flights presenting
1if% end drag and stabllity and control characteristics are reported in
references 1 and 2, respectively. Results of NACA flight tests to
determine horlzontal-tall losds during longltudinal meneuvers over a
Mach number range from 0.65 to 1.16 are presented in this paper.

SYMBOLS

BM bending moment of right horizontal tail, £t-1b

by, horizontal-tall panel semlspan, ft

Cp bending-moment coefflclent of right horizontal-tall peanel,
BM/q*Stby,

Cm total slrplane pitching-moment coefficient

Cmy, piltching-moment coefficient of left wing panel, Mw/q#SwE

mef wing-fuselage pitching-moment coefficlent

Cn normal-force coefficlient of right horizontal-tall panel,
L /27s

CNy airplane normal-force coefficlent, nW/q*S

CNt horizontel~tall normel-force coefficlent, Iy /a*St



NACA RM H56A23 1 3

CNtBal

M

tail normal-force coefficient'reqpired t0 balance wing-
fuselage pitching-moment coefficient, Lty ]/q%st

normal-force coefficlent of left wing panel, Lw/qfsw

horizontal-teil panel normsl-force-curve slope, per deg

center of pressure of additional airload, percent horizontal-
tail panel semigpan

wing mean aerodynamic chord, £t

acceleration due to gravity, ft/sec?

pressure altitude, ft

stabilizer setting, deg (positive, leading edge up)
aerodynamic tail load, 1b (positive, load up)
aerodynamic load on right horizontal tail
aerodynamic load on left wing panel

serodynamic tail load required to balaﬁce wing-fuselage
pitching moment, lb

tail length, £t (measured from aslrplsne center of gravity
to quarter-chord statlon of taeil panel mesn aerodynamic
chord)

Ma.ch number

pitching moment of left wing panel, f£t-1b

normal acceleration, g uniis

piteching angular veloclity (positive, nose up), radians/sec

pltching enguler acceleration, radisns/sec®

dynemic pressure, %pve, 1b/sq £t

dynamic pressure at the tail, 1b/sq ft
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S wing erea, sq ft

S¢ horizontsl-tall-panel ares, sq £t

Sw wing-psnel area, sq ft

t time, sec

W airplane gross welght, 1b

a angle of attack, deg

a time rate of change of angle of attack, da/dt, deg/sec

€ downwash angle, deg
DESCRIPTION OF AIRPLANE

The X-3 is a single-place research alrplane designed for flight
at supersonic speeds. It has an all-movable horizontal stabllizer with
an aspect ratio of 4.33 and straight wings with aspect ratio 3.09, both
employing modified hexagonal airfoill sections of 4k.5-percent thickness.
The controls are powered by an irreversible boost system with artificilal
feel.

Figure 1 shows a three~view drawing of the airplane and photogrephs
are presented 1n flgure 2. The physical characteristics of the airplane
are presented in table I. :

INSTRUMENTATION AND ACCURACY

Standard NACA recording instruments were installed in the X-3 air-
plane to measure the followlng quantities pertinent to this lnvestigatlon:

Alrspeed

Altitude

Angle of attack

Normal acceleration

Pitching angular velocity and acceleration
Stabilizer position

Bending moment and shear were measured by straln gages located on
the horizontel-tall spar 11 inches outboard of the center line, as shown
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in figure 1. Strain-gege ocutpukts were recorded on a 36-channel oscill-
lograph. All instruments were correlated by a common timer,

The accuracy of the shear and bending-moment measurements was
estimated to be +100 pounds and t1,500 inch-pounds, respectively.

Angle of atteck was measured by & vane located on the nose boom.
Wo corrections were made for boom bending or pitching velocity. The
maximum error due to plitching veloclity encountered in these maneuvers
was approximaetely 0.65°; however, for most of the datas the error was
much less. Stabilizer angle was estimasted %o be accurate to +0.15°
and piltching velocity to approximately *0.01 ra.d.ia.n/sec. For pitching
accelerations less than 0.2 radien/sec? the accuracy wes estimated %o
be +0.02 radian/ sec?. For higher acceleration the maximum error was
approximately 10 percent of the measured value. The errors in cNtBa.l

caused by the error in pitching angular acceleration are within the
accuracy of CNy, .

The estimated accurscy of other pertinent guantities is:

mchnum:berl...I.I...l...‘.l.....l... o
Normal acceleration ¢« o« « « ¢ ¢ ¢ ¢« « a o o o« ¢ o s s o a o o = 05g
- 02

CNA = = = = o o o o & @ o s o « « ¢ o v o an v o v u v e

PROCEDURE

Aerodynamlc loads were obtalned by correcting the measured tail
loads for the Inertia of the tall. Balancing-tail-load coefflclents
were obtalned from wind-up turns and pull-ups by correcting the aero-
dynamic taill-load coefficients to zerc pitching acceleration.

The normal-force-curve slope of the horlzontal-tall panel @N@)t

was determined from the initiel portion of abrupt stabilizer pulses.
The X-3 alrplane employs an all-movable stabllizer, therefore (CNou)t
was obtained by dividing the meximum increment of tail-load coefficlent
by the corresponding increment of stabilizer angle. Angle of attack hed
not changed appreciably up to the maximum load, and the maximim error
caused by the change in pitching velocity was estimasted to be approxi-
mately 20 percent.
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The downwash angle was derived from the equation

1 1
CNg = (CNd)T:EE - € + 1 + q‘?% + & 7; gé]

where CNt’ o, 1, 4q, and V vwere measured during pull-ups and

Wwind-up turns. For these calculations the effect of & was considered
to be smell, therefore the equatlon used to calculate downwash was

C
a4+ 1t + g 2 - __Ef__
I A GO R

The contribution of the horizontal tall to the ailrplane stabllity
is gilven by (me)t(m - €). The wing-fuselage pltching-moment character-

istics, determined from balencing-tall loeds, were combined with
(CNa)tz“ - €) to glve the totael airplane pitching-moment variation

with angle of attack. Assuming q¥*;/gq*¥ to be 1.0, the total airplane
pitching moment is given by the equation

_ 1454
Cm = E(CNa)t(a’ -€) + CNtBa]]—é?

TESTS

Horizontal-tail loads were measured on the X-3 ailrplane during
pull-ups, wind-~up turns, and stebllizer pulses over a Mach number range
from 0.65 to 1.16 and an altitude range from 27,000 to 33,000 feet. A
few stabilizer pulses were made at altitudes of 18,000.and 20,000 feet.

The center-~of-gravity position was estimated to be between 3 and
-2 percent mean aerodynamic chord. Reynolds number based on the mean
aerodynsmic chord 8f the horizontal tail varied from about 5.5 X 106
to about 12.5 X 10° for these tests.
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RESULTS AND DISCUSSION

Time historlies of angle of attack, pitching velocity and acceler-
atlion, tail normal-force coefficlents, and stabilizer position for
four typicael stabilizer pulses are shown in figure 3. From these maneu-
vers 1t was possible 4o derive Gh%Jt by using increments of Cmf and

it. These increments were tsken from the beglnning of the pulse to the
maximum load.

The horizontal-tall-panel charscteristics shown by the varilatlon
of Gh%)t with Mach number are given in figure k. At a Mach number of

0.65 the value of thot 1s 0.055 and increases to its maximum value
of 0.082 at a Mach number of 0.925. At a Mach number of 1.00 th)t
decreases to 0.063. For Mach numbers above 1.00 Ghﬂx)t agein lncreases.

All the stebilizer pulses were made at angles of atbtack of less than 7°;
therefore, the valldity of the curve for higher angles of attack is
questlonable.

Time histories of four typlcael pull-ups and wind-up turns are
presented in flgure 5. The variation with angle of attack of the
measured date durlng these pull-ups and wind-up turns is presented in
figure 6. These data were used to derive the centers of pressure,
balancing-tall loads, downwash angles, and total alrplane piltching-
moment coefficlents.

Shown in figure 7 is bendling-moment coefficlent plotted agelinst
normal-force coefficlient for the right horizontal tail. The spanwise
center of pressure of the additionsl loed was obtained from the slopes
of these curves and 1ls presented as a function of Mach number in fig-
ure 8. Slopes were not teken for Mach numbers less than 0.89 because
of the limited 1lift range covered. The spanwise center of pressure
moved inboard from approximstely 50 percent to 43 percent tall semispan
as the Mach number increased from 0.89 to 1.16.

Balancing-tail loads are shown plotted agalnst CNA in figure 9.

dCy.
For the lower 1ift region the slope _35522; varles from approximately
A
zero for the lower Mach numbers to spproximately -0.24 for s Mach number
a-CN-t
of 1.10. At the lower Mach numbers there 1s a sharp incresse in —EE-Eﬂi
Np

at Cy, = 0.4, and as the Mach number lncreases above 0.89, this chenge

WEpeen
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in slope becomes less pronounced and the Cpy, value at which 1t occurs
decreases to about 0.2. At the higher 1ifts the slopes become positive,

The variation of downwash with angle of attack de/dm is glven in
figure 10. The downwash characteristics indicate a decrease in horizontal-
tall stability, or an increase in de/da, at an angle of attack of
approximately 8° for low Mach numbers and approximately 49 for Mach num-
bers greater than 0.89. For the higher angles of attack de/@m becomes
erratic.

The total airplasne pitching-moment coefficient plotted agalnst
angle of attack 1s glven in figure 11. The airplane pliching-moment
curves show steble variations for the lower 1ift range, becoming unstable
at angles of attack between T° and 13°. TFor angles of attack sbove 7°
the data are somewhat questlonable because the horlzontal-teil panel
normal-force~curve slopes were measured at lower angles of attack.

Wing-fuselage and alrplane pltching moments derived from tall loads
are shown in figure 12, together with the wing-panel pitching moment
and 1ift characteristics obtalned from unpublished strain-gege data.
For the lower Mach numbers there is a shaxrp increase in the wing-fuselage
stabllity at angles of attack of approximately 8°. For Mach numbers
above 0.89 there is a smaller increase in stabllity at angles of atbtack
near 4©. In general, the trends of Cmy, Cmyp, and Cm over the

angle-of-attack range are similar, with these curves exhibiting lncreases
or decreases in stabillity at approximately the same values of o. The
veriation of Cp wlith o exhibits a decrease at about the same angle

of attack at which the decrease in stabllity occurs.

Balaencing-tall loads plotted agalnst Mach number for varlous
normal -force coefficients are presented in figure 13. For Mach numbers
renging from 0.85 to 1.00 a sharp increase in magnitude of CNtBal

occurs at all values of Cy,. This lncrease in tail load becomes greater
for the higher Cy, values, indicating an abrupt increase in wing-
fuselage stability over this Mach number range.

CONCLUSIONS

Flight measurements of the horizontal-teill loads of the X-3 alrplane
show:

1. The balancing-tall-load coefficlents very nonlinearly with air-
plane normal-force coefflcilent throughout the 1ift range. The wing
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fuselage 18 stable 1ln the moderate 1ift region with increesing stebllity
for increasing Mach number. An Increase in stabllity occurs at 1ift

B coefficients between 0.2 and 0.4, and at the high 1i1ft coefficients the
wing fuselage becomes unstable.

2. The horizontal-tall panel normel-force-curve slope (CNQ:,) +

incresses with Mach number to its maximum value of 0.082 at a Mach number
of 0.925, then decreases to a value of 0.063 at & Mach number of 1.00,
and for higher Mach numbers agaln lncreases with Mach number.

3. The downwash angle is nonlinear with angle of attack over the
1ift range and indicates a decrease in horizontal-tail stability at
angles of attack between 4° and 8°., This decrease corresponds to the
1ift coefficients at which an increase in wing-fuselage stabllity occurs.

4. The total airplsne pitching moment varies nonlinearly with angle
of attack throughout the 1ift range end indicetes positive airplane
stability for the lower 1ift range. The alrplane tends to become unstable
at angles of attack between T° and 13°.

. High-Speed Flight Station,
Natlional Advisory Commlttee for Aeronautics,
Edwards, Celif., January 6, 1956.
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TARLE I.- PHYSICAL CEARACTERISTICS OF TEE DOUGLAS X-3 RESEARCH AIRPLANE

Wing:
Totel area, sq £+ .

Span, £t . ¢« < ¢« ¢ s 0 e 00 e
Mean serodynamic chord, £t . . .
Aspect ratlo « ¢« ¢« ¢« ¢ ¢ ¢ o &
Taper ratio « « ¢ ¢ ¢ o « o &
Incldence, deg « o+ o« o « « o o o
Dihedral, 688 « « ¢ o« o o ¢ o
Sweep at 0.75 chord line, deg .

Airfoll section
Airfoll thickness ratio, percent

Airfoll leading- and tralling-edge angles,

Horizontal teil:
Ares, 8q ft .
Span, £t « ¢« ¢ ¢« ¢ 4 0 ..
Mean aerodynamic chord, £t
Aspect ratio « + . «
Taper ratlioc
Dibedral, deg . . .
Sweep at tralling edge, deg
Airfoil section . « . o« . &
Airfoll thickness ratio outboard
Airfoll thickness at root chord,

LR T Y

. e
* e s 8 e & a @
* s 0o 8 & ¢ & @

Stabilizer travel, leading ed.ge up, deg
Stabliizer travel, leading edge down, deg

Horizontal-tall panel:
Area, sq £t

Fuselage station of le;.ding edge
Tall length ........1..

Vertical teil:
Areuw, Bq £t

Bpan, £5 « « ¢« ¢« ¢ ¢ ¢ 0 ¢ 2 e
Mean serodynsmie chord, £t . . .
Aspect ratlo « ¢« ¢ ¢ o« 0 4 e .
Taper rabio . o« o« o« ¢« ¢ ¢ « o @
Sweep at leading edge, deg . . .
Airfoll section . .« . ¢ . . .

Airfoll thickness ratio, percerrt

Airfoll leading- and trailing-edge a.ngles,

]
:
g
g
2

Maximum heikght, ft .

Power plant:
Engines o« « « o« » s s o « « o @
Rating, each engine:

chord « ¢« « « o &

deg . .
of sta.tion 26, per
percent chord . .

chord « o v o
deg . .

Static sea-level military thrust, 1b . . . . . .
Stetic ses-level maximm thrust, 1b . . « « . «

Welght:
Basic (without fuel, oil, water,
Total, Ib « « ¢ ¢ « o o o

pilot), 1b . . .

¢ ¢ s e 4 s s s .

Moment of inertla sbout Y-axls, slug—f"l'.2 « e e e a .

-.nﬂ.o.il..l

e s« a e s o« Modl
s e s s s & o Modi

ent chord . . . . .
chord « « ¢« « o «
« e e o s « « Modl

« & ¢ @ & @« & a & @
« @ 8 e ® & e & o+ =
¢« e o s o o o @ o o

Two J34-WE-1T with

fled

Yy

P T -
)

¢ u s e Pua s s s s a s

B
B

ousBR

cooleoY

=3
%
+&
N B

8.58

43 .24
15.77
5 .54
.38
0.405

hexagon

4 .50
8.01

n
O Fuow
« v e s

i
223 woeskuayy
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.
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r

16,120
22,100

70,000
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Figure 1,- Three-view drawing of the X-3 airplane. All dimensions in inches.
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Figure 5.~ Time histories of wind-up turns and pull ups at representative
Mach numbers.
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Figure 6.- Variation of measured quantities with indicated angle of attack.
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Figure 7.~ Variation of bending-moment coefficient with normsl-force
coefficient. Right horizontal-tall panel.
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Figure 8.- Variation of spanwise center of pressure of the horlzontal-
tail panel additional air losd with Mach number.
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Flgure 9.~ Varlation of the balancing-tail-load coefficients with the
normal-force coefficients of the airplane.



NACA RM H56A23 W 27

20
6 ©
M=1IO
O@
©
G?o
12 @
()GD 0%
M=095 o ©
O
;.C>O ¥
€, deg .4 O Q’iép
Gﬂﬁgﬁ;gy . O C53C¢?
éﬁDC) o |M=08S
M= LIO O O
M=055 9]
M=089 0
M=077 (0] 4 8 t2 16 20

a, deg

Figure 10.- Variation of the downwash angle with indicated angle of attack.
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Figure 11.- Varistion of total airplene piltching-moment coefficients

with indicated angle of attack.
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Figure 12.- Continued.
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Figure 13.- Variation of balancing-tall-load coefficlent with Mach num-
ber for various airplane normal-force coefficients.
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